Background: Vitamin D and its receptor (VDR) have important roles in perinatal lung development. The aim of this study was to investigate the relationship between VDR gene polymorphism and bronchopulmonary dysplasia (BPD) in preterm infants. Methods: VDR Fok I, Bsm I, Apa I, and Taq I polymorphisms were genotyped using restriction fragment length polymorphism in 109 preterm infants (47 with BPD, 62 without BPD). results: In univariate analysis, Ff (odds ratio (OR) = 3.937, P = 0.022, 95% confidence interval (CI) = 1.22-12.69) and ff (OR = 5.23, P = 0.004, 95% CI = 1.69-16.23) genotypes of Fok I were associated with the increased risk of BPD; whereas tt genotype of Taq 1 was associated with a protective effect against BPD (OR = 0.30, P = 0.04, 95% CI = 0.09-0.94). In multivariate logistic regression analysis, variant Fok 1 genotype increased risk of BPD (OR = 4.11, 95% CI = 1.08-15.68, P = 0.038) independent of patent ductus arteriosus, sepsis, mechanical ventilation, and surfactant treatment. Taq 1, Bsm 1, and Apa 1 polymorphisms did not have any effect. conclusion: After adjusting for multiple confounders, VDR Fok 1 polymorphism was associated with the increased frequency of BPD. Further studies are needed to assess the contribution of VDR signaling to the pathogenesis of BPD and to determine if VDR polymorphisms may be suitable for identifying infants at high risk for BPD.
d espite all efforts, bronchopulmonary dysplasia (BPD) continues to be a common problem for preterm infants (1) . There is a growing body of evidence showing that BPD is not a disease solely due to environmental insults, but is the result of interactions between environmental and genetic factors (2) . Twin studies have shown that even after controlling for covariates, genetic factors account for 53% of the variance in susceptibility to BPD (3) . In the past, components of the innate immune system and antioxidant defenses, mechanisms of vascular and lung remodeling, and surfactant proteins have been the focus of genetic-association studies in BPD (4, 5) . Candidate genes for further research have been identified in these studies; however, any particular gene or gene pathway was not concluded to have a substantial contribution to the underlying etiology of BPD (5) .
Vitamin D has well-established roles in bone metabolism and mineral homeostasis mediated through the Vitamin D receptor (VDR) acting as a ligand-activated transcription factor (6) . Other than bone, VDR is expressed in many tissues in the body, including lungs, thymus, T lymphocytes, neutrophils, antigen-presenting cells, and dendritic cells (7) . Consistent with this wide distribution, a role for vitamin D has been suggested in many diseases, such as cancer, multiple sclerosis, diabetes, and cardiovascular disease through its effects on cell proliferation and immune function (8) .
Some of the most important nonendocrine actions of vitamin D are related to innate immunity, components of which have been implicated in the pathogenesis of BPD (5, 7) . Recent studies have shown that vitamin D and its receptor may also have important roles in susceptibility to chronic lung diseases through the regulation of genes involved not only in inflammation and immunity, but also in cellular proliferation and differentiation (9) . The lack of VDR is associated with early emphysematous changes in the mouse lungs (10) . Moreover, an important role for vitamin D has been suggested as a regulator for fetal lung development (11, 12) . Vitamin D was also reported as a growth factor for alveolar type-II cells, and local elaboration of vitamin D was once considered as a novel mechanism of modulation of epithelial proliferation in the context of lung development and repair (13) . Considering its aforementioned roles in regulation of innate immunity, inflammation, lung development, and repair, we thought vitamin D may be involved in the pathogenesis of BPD. Therefore, we hypothesized that VDR gene polymorphisms may be suitable for predicting patients at high risk for BPD.
RESULTS
Of the 109 newborns enrolled in the study, 21 infants were diagnosed as mild BPD; 15 infants had moderate BPD and 11 infants had severe BPD, according to published guidelines (14) . Antenatal variables were similar between BPD and non-BPD groups ( Table 1) . Infants with BPD had lower birth weights and smaller gestational ages and required intubation more frequently. Hemodynamically significant patent ductus arteriosus Articles Koroglu et al.
(PDA) and sepsis were seen more frequently in infants with BPD ( Table 1) .
VDR gene polymorphisms' frequencies among study groups are shown in 
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Articles the univariate analysis seems to be confounded with other covariates in our study group. Genetic alterations of the VDR gene are thought to be leading to important defects of gene activation resulting in protein sequence changes (8) . In humans, the VDR gene locus is found at the 12q13.1 region (15) . Although there are more than 200 polymorphisms of the VDR gene; Fok I, Bsm I, Apa I, and Taq I are the most commonly described restriction fragment length polymorphisms. Being located in exon 2, Fok 1 is different from Bsm I, Apa I, and Taq I polymorphisms that are located between exons 8 and 9, and results in the production of a longer and less active form of protein (16) . Thus, Fok 1 polymorphism that appears to be associated with BPD in our study may result in a decreased activity of VDR. Although a protective effect for Taq 1 is also seen in this study, this may not represent a consistent trend as Taq 1 is known to be a silent base change that does not modify the encoded amino acid (17) .
As far as we know, VDR gene polymorphisms have been the focus of research in preterm newborns only once. Funke et al. (18) investigated the influence of Taq 1 polymorphism of VDR on bone disease of preterm infants in 65 newborns and demonstrated that the common occurrence of heterozygote Tt restriction fragment length polymorphisms of the VDR gene and CC polymorphism of COLIA 1 gene was a protective factor against bone disease of prematurity. The distribution of Taq 1 polymorphism of VDR gene was not significantly different when analyzed separately in that study either.
The role of Fok 1 polymorphism in the pathogenesis of BPD may be related to the actions of vitamin D in the innate immune system that carries particular importance for premature infants. VDR gene polymorphisms may limit the ability to fight pathogens and make premature infants vulnerable to postnatal infections and BPD. Decreased vitamin D levels are shown to be associated with acute lower respiratory tract infections not only in older children, but also in newborns (19) (20) (21) . Moreover, the presence of VDR gene polymorphisms may lead to higher incidence of certain respiratory infections in children (22, 23) . Walker et al. (24) have shown the impact of cord blood vitamin D status on innate immune responses by demonstrating altered in vitro monocyte responses via TLR-induced antimicrobial production in vitamin D deficient term newborns. However, a recent study failed to demonstrate any relationship between cord blood vitamin D levels and T lymphocytes in newborns (25) . The paucity of phenotypic correlation of vitamin D with immune abnormalities in term newborns may be due to genotypic variations that alter the functions of VDR. Thus, the effect of vitamin D on the innate immune system of newborns may or may not be related to serum vitamin D levels. In view of the fact that our study lacks detailed evaluation of immune function and vitamin D levels, definitive explanation of such a relationship is beyond the limits of this research.
Vitamin D and VDR are also involved in the pathogenesis of chronic lung diseases in adults through epigenetic mechanisms involving inflammation, immunity, and cellular proliferation and differentiation (9). Sundar et al. (10) reported that the deletion of VDR led to the increased influx of inflammatory cells, increased proinflammatory mediators, and upregulation of matrix metalloproteinases in the lungs associated with airway enlargement and decline in lung function resulting in early emphysematous changes. These mechanisms may also be valid for the involvement of vitamin D in pathogenesis of BPD.
An additional biological function of vitamin D in early human development is regulation of fetal lung maturation. Previously, disturbed lung mechanics in rachitic rat pups born to vitamin D-deficient mothers was thought to be related to abnormal growth of the lungs caused by abnormal alveolarization (26) . The role of vitamin D as a local mediator of epithelial-mesenchymal cell interactions in the developing rat (27) . BPD has a complex pathogenesis involving multiple insults to the immature lungs, resulting in varying degrees of alveolar simplification, structural, and functional modifications of arterioles and bronchioles (28) . Disturbance of VDR function may be important for the developing lungs, especially for alveolarization. Since an independent effect of variant VDR Fok 1 genotype on BPD risk was not demonstrated after controlling for birth weight and gestational age; VDR genotype may be related to preterm birth and low birth weight for increasing the risk of BPD, although this could not be elucidated in the current study.
There are regional differences in the reported BPD rates from different studies. BPD rates ranged from 10.2 to 24.8% for infants between 23-31 wk of gestations in the MOSIAC cohort of 10 European regions (29) . The overall incidence of BPD or death was 52%; ranging from 32 to 74% across NICHD Neonatal Research Network centers in infants below 1,250 g (30) . In Korea; the incidence of BPD/death was 33% for preterm infants born before week 32 of gestational age (31) . Israel Neonatal Network data give the incidence of BPD as 13.7% among infants with birth weights below 1,500 g surviving to a postmenstrual age of 36 wk (32).
The incidence of BPD in our study may seem higher than some of these studies. BPD definition used in different studies may be a factor causing variability. It is known that the use of physiologic definition reduces the variability between different centers and the incidence of BPD up to 10% at individual centers (1) . In addition to that, our patient population consist mostly of infants of mothers with inadequate antenatal care. Being a tertiary center in our region also brings the load of complicated cases that necessitates multidisciplinary care of mothers and infants with a high risk of mortality and morbidity. With the more common use of noninvasive ventilation modes; we have seen a considerable decline in our BPD rates.
Our study was performed in a single center and enrolled a high-risk population of 109 preterm infants with similar ethnic backgrounds who were admitted in the same time frame. Infants were followed according to established unit policies. However, while single-center studies overcome ethnicity and environmental confounders at least partially, there is also a limitation of available cases over a time period. Interpretation of polymorphism studies requires attention for generalization of the data across different ethnic groups. Due to the lack of histopathological data, the contribution of histological chorioamnionitis to the risk of BPD could not be assessed in this study whilst the contributions of VDR polymorphisms were analyzed in the multivariate model. It should also be kept in mind that this study was not restricted only to infants below 28 wk of gestation who were at substantial risk for BPD. Thus, the control group included more mature infants in whom the risk of BPD was lower due to genetic and environmental factors.
Conclusion
In conclusion, our findings showing VDR Fok 1 polymorphism as a significant risk factor for BPD necessitates further research in different populations. Nevertheless, in light of newly discovered extraskeletal functions of vitamin D, this relationship, which persists after adjusting for multiple confounders, suggests that VDR may be involved in the pathogenesis of BPD and VDR gene polymorphisms may be suitable to predict the infants at high risk for BPD, in future possibly helping to guide personalized care.
METHODS

Patients
One hundred and nine preterm infants born at gestational age ≤32 wk were admitted to the Neonatal Intensive Care Unit at Ege University Children's Hospital, and were enrolled in the study between September 2008 and September 2011. Forty-seven of the infants were diagnosed with BPD according to the National Institutes of Child Health and Human Development/National Heart, Lung, and Blood Institute and Office of Rare Diseases workshop definition (14) . The remaining 62 infants were preterm newborns admitted consecutively to the BPD group of infants in the same period. Infants who did not survive until postconceptional 36 wk and infants with congenital malformations were excluded. During the patient recruitment period of 36 mo; 302 preterm infants born at gestational age ≤32 wk were admitted to our Neonatal Intensive Care Unit. Fifty-nine of those infants died before postconceptional age 36 wk; 193 infants survived without BPD and 47 infants survived with BPD. Patient recruitment was done among survivors at postconceptional 36 wk; preterm infants without BPD born in the 48 h following a BPD patient were recruited as controls. All infants were born at the main Ege University Hospital and were from Turkish families living in the Aegean region of Turkey. Prenatal history and neonatal complications were documented. The study was approved by the Local Ethics Committee of Ege University Faculty of Medicine and written informed consent was obtained from parents of all infants. (33, 34) . Per our institutional policy, early surfactant treatment was given to the infants born before 32 wk with respiratory distress in the first hours of life; older infants who had clinical and radiological signs of respiratory distress syndrome received rescue surfactant treatment. Primary mode of ventilation was synchronized intermittent mandatory ventilation with rates of 30-40 breaths/min, inspiratory time of 0.35-0.38 s; PEEP (positive end-expiratory pressure) of 4-5 cmH 2 O targeting a tidal volume of 4 ml/kg. Peak inspiratory pressure was adjusted to achieve an optimal chest wall rise and tidal volume. The target oxygen saturation range was 88-94%, and target ranges for pH and PcO 2 in the first week of life were 7.25-7.35 and 40-60, respectively. We considered extubation to nasal (continuous positive airway pressure) CPAP when peak inspiratory pressure = 15-16 cmH 2 O, PEEP = 4-5 cmH 2 O, rate = 12-15/min, FiO 2 ≤ 30%. Study infants were evaluated by echocardiography in the first 3 d of life for the presence of PDA. Pharmacological treatment with ibuprofen was given if hemodynamically significant PDA was diagnosed (35) . Clinical sepsis was diagnosed in the presence of two typical clinical signs accompanied by at least two laboratory signs. Clinical signs used for diagnosis of sepsis included temperature instability (fever or hypothermia), cardiovascular deterioration (bradycardia, tachycardia, hypotension, poor peripheral circulation), respiratory deterioration (apnea, increase in oxygen and/or ventilation requirement), gastrointestinal deterioration (feeding intolerance, abdominal distention, absent bowel sounds, bloody stools), and neurologic detoriation (convulsion, hypotonia, irritability). Laboratory parameters included increased C-reactive protein (>10 mg/l) and/or I/T (immature/total) ratio (>0.2), pathological white blood cell count (<5,000 or >20,000/mm 3 ) and thrombocytopenia (<100,000/mm 3 ), metabolic acidosis.
Culture-proven sepsis was defined as positive blood culture results in the presence of clinical signs. Two doses of betamethasone given 24 h to 7 d before birth were considered as a complete course of antenatal corticosteroids; any steroids administered beyond this range were classified as a partial course. Chorioamnionitis was diagnosed clinically in the presence of maternal fever, leukocytosis, tachycardia, uterine tenderness, and foul-smelling amniotic fluid (36) . Histological chorioamnionitis could not be assessed due to lack of histopathological data.
Genetic Analysis
Venous whole-blood samples were collected in ethylenediaminetetraacetate tubes and stored at −20 °C until processing. DNA was extracted from 200-µl whole-blood using the Invisorb Spin Micro DNA Kit (Stratec Molecular GmbH, Berlin, Germany). Polymerase chain reaction (PCR) was performed with the primers listed in Table 5 . Following PCR reactions, all four polymorphisms (Fok I, Bsm I, Apa I, and Taq I) in the VDR gene were genotyped using restriction fragment length polymorphisms. The presence of a restriction site is designated by a lowercase letter (mutant allele) and its absence by an uppercase letter (wild type allele) for Bsm I, Apa I, and Taq I polymorphisms. Differently, mutant allele remains uncut for Fok I polymorphism.
Statistical Analysis
Statistical Package for the Social Sciences (SPSS) for Windows 19.0 software (IBM, Armonk, NY) was used to evaluate the data. These data are summarized as mean ± SD and percentages. χ 2 test, Fisher exact test, independent sample t-test (with 95% CI), and ANOVA test were performed to determine differences between the study groups as appropriate. The relative contribution of different variables was assessed by univariate analysis. Multivariate logistic regression analyses were performed with VDR genotypes and clinical variables associated with the risk of BPD. Statistical significance was considered at P < 0.05. Power analyses of the study were done by G Power 3.0.8 Software (Heinreich Heine Universitat, Dusseldorf, Germany), Heinreich Heine Universität, Dusseldorf, Germany.
